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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of wire-
less communication systems and, in particularly, to out-
door-indoor multiple-input multiple-output (MIMO) com-
munication systems for communicating with user equip-
ment located inside a physical structure such as a build-
ing.

BACKGROUND

[0002] A large part of today’s traffic load in wireless
communication comes from users inside physical struc-
tures such as office buildings, shopping malls, cafés and
restaurants, etc. Providing these indoor users with good
coverage, high bit-rate and spectrally efficient communi-
cation from outside base stations is very challenging due
to, for example, the penetration loss that occurs when
the communication signals propagates through the walls
of the building.
[0003] A well-known solution for enhancing communi-
cation signals inside a building is to use outdoor-indoor
repeaters. An outdoor-indoor repeater has a pick-up an-
tenna placed on the outside of the building connected
via a double-directional power amplifier to a donor an-
tenna placed on the inside of the building. Thus, signals
from the base station are received by the pick-up antenna
on the outside of the building, where the signal level is
high, and then the signals are re-radiated inside the build-
ing by the donor antenna, and thereby circumventing the
penetration loss. In a similar manner, communication sig-
nals from user equipment (UE), such as mobile phones
and portable computer equipment, inside the building are
received by the donor antenna located inside the build-
ing, and re-radiated by the pick-up antenna on the outside
of the building. Typically, the pick-up antenna of the re-
peater on the outside of the building is placed in line of
sight (LOS) of the base station antenna to ensure good
link quality.
[0004] A well-known way of improving spectral efficien-
cy in a wireless communications system is to utilize a
multiple-input multiple-output (MIMO) communication
system. Provided that both transmitter and receiver uses
more than one antenna (e.g. K transmit antennas and M
receive antennas), and that the channels between differ-
ent pairs of transmit and receive antennas have similar
power and can be made orthogonal, gains in spectral
efficiency on the order of min(M,K) are possible to
achieve. To allow indoor users communicating via a re-
peater to fully benefit from MIMO gains there needs to
be at least as many repeater antennas as there are an-
tennas at the base station.
[0005] Outdoor-indoor MIMO repeaters ensure good
indoor coverage which implies high signal strengths.
However the indoor coverage is typically limited to the
close vicinity of the repeater donor antennas which usu-

ally are co-located with the repeater itself. Furthermore,
as mentioned above, there is usually LOS between the
base station and the repeater pick-up antennas in order
to ensure a good link quality for the desired communica-
tion signals, and it is well known in the art that it is hard
to achieve MIMO channels of more than rank two in a
LOS environment since the spatially separated antennas
will experience high correlation. Achieving sufficiently
low correlation in a LOS environment might require a very
large spatial separation of the repeaters antenna ele-
ments, which might make it difficult to co-locate the indoor
donor antennas with the repeater and the pick-up anten-
nas. Having non co-located donor antennas could lead
to severe power imbalances between the donor antennas
when for instance communicating with user equipment
closer to one of the donor antennas, which in its turn will
result in lower MIMO gains.
[0006] Cho et alia: "Practical scheme to enable MIMO
communications in distributed antenna systems for effi-
cient indoor coverage", IEEE discloses a wireless out-
door-indoor multiple-input multiple-output MIMO com-
munications system for communicating with user equip-
ment located inside a physical structure by MIMO com-
munications with relays which are equipped with multiple
antennas and a RF repeater which receives the signal
from the BS with the receive antenna located in the out-
doors and serves a basement area. RF repeater and in-
door DAS can be acting as keyholes if these are not MI-
MO capable.A BS has receive antenna located in the
outdoors. The RF repeater serves the basement area
covered by the indoor DAS whereby a cable is used in
the distribution network, e.g. parallel cables. The system
preserves the rank property of the overall link.
[0007] US 2009 / 0061939 A1 discloses communica-
tion with UE terminals in an indoor setting and a repeater
and indoor antenna elements and starting that alterna-
tively a leaky cable type of antenna may be used.
[0008] US 2009 175214 A1 discloses to exploit the
spatial diversity associated with traditional multiple-input
multiple-output MIMO techniques and in the case of mul-
tiple relays there are several options. The multiple relays
may be treated as a single multiple-antenna relay in a
multiple collaborative relay architecture.
[0009] Mohamadou et alia: Multi-band diversity anten-
na performances evaluation for multi-standard compact
wireless terminal" discloses using cooperation algo-
rithms with relays in TDD mode in order to create virtual
MIMO systems in Outdoor to Indoor contexts.
[0010] Thus, finding a way to offer good indoor cover-
age with high bit-rate and spectrally efficient communi-
cation is therefore highly sought for.

SUMMARY OF THE INVENTION

[0011] With the above description in mind, then, an as-
pect of the present invention is to provide a wireless com-
munications system which seeks to mitigate, alleviate,
or eliminate one or more of the above-identified deficien-
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cies in the art and disadvantages singly or in any com-
bination.
[0012] A first aspect of the present invention relates to
a wireless MIMO communications system according to
claim 1.
[0013] A second aspect of the present invention relates
to a method for providing wireless MIMO communication
according to claim 7.
[0014] Further embodiments are according to the de-
pendent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Further objects, features, and advantages of
the present invention will appear from the following de-
tailed description of some embodiments and variants of
the invention, wherein some embodiments or variants of
the invention will be described in more detail with refer-
ence to the accompanying drawings, in which:

Fig. 1 a shows a block diagram of a wireless outdoor-
indoor MIMO communications system, employing
multiple MIMO repeaters and leaky cables, for com-
municating with user equipment located inside a
physical structure, according to an embodiment of
the present invention; and

Fig. 1b shows a block diagram of a wireless outdoor-
indoor MIMO communications system, employing
multiple MIMO repeaters with dual-polarization and
leaky cables, for communicating with user equip-
ment located inside a physical structure, according
to an embodiment of the present invention; and

Fig. 2 shows a block diagram of a wireless outdoor-
indoor MIMO communications system, employing
two repeaters sharing a leaky cable, for communi-
cating with user equipment located inside a physical
structure, according to an embodiment of the present
invention; and

Fig. 3a shows a block diagram of a wireless outdoor-
indoor MIMO communications system, employing
two repeaters using dual-polarization sharing a leaky
cable, for communicating with user equipment locat-
ed inside a physical structure, according to an em-
bodiment of the present invention; and

Fig. 3b shows a block diagram of a wireless outdoor-
indoor MIMO communications system, employing
several repeaters sharing leaky cables with neigh-
boring repeaters, for communicating with user equip-
ment located inside a physical structure, according
to an embodiment of the present invention; and

Fig. 4 illustrates a typical wireless communications
scenario in which the present invention may be em-
ployed; and

Fig. 5a-5f shows a collection of flowcharts describing
different embodiments and variations of the present
invention.

DETAILED DESCRIPTION

[0016] Embodiments of the present invention will be
described more fully hereinafter with reference to the ac-
companying drawings, in which embodiments of the in-
vention are shown. This invention may, however, be em-
bodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this dis-
closure will be thorough and complete, and will fully con-
vey the scope of the invention to those skilled in the art.
Like reference signs refer to like elements throughout the
description.
[0017] A way of offering good indoor coverage along
with high bit-rate and spectrally efficient communication
is to utilize a wireless outdoor-indoor MIMO communica-
tions system 100 according to an embodiment of the
present invention. The wireless outdoor-indoor MIMO
communications system 100, shown in figure 1, comprise
of a node 101, and at least (as indicated by the dots in
the figure) two node antennas 102, adapted for wireless
MIMO communication. The term node will be used
through out the description of the different embodiments
and variants of the present invention, and should be in-
terpreted as to include any type of wireless communica-
tion redistribution point, such as a base station, or end-
point, such as user equipment. The node 101 may further
be configured for line of sight (LOS) MIMO communica-
tion over a first radio channel 112 with at least two out-
door-indoor repeaters 103, 105, 107. In a variant the node
101 may also be configured for non LOS MIMO commu-
nication over a first radio channel with said repeaters
103, 105, 107.
[0018] The in outdoor-indoor repeaters 103, 105, 107
in figure 1 may be adapted for LOS MIMO and/or for non
LOS MIMO communication over the first radio channel
112 with at least one node 101 having at least two node
antennas 102. Each repeater 103, 105, 107 may have
at least one repeater antenna 104, 106, 108 being adapt-
ed to receive and to transmit communication signals to
and from said node 101 over the first radio channel 112.
The in outdoor-indoor repeaters 103, 105, 107, and their
repeater antennas 104, 106, 108, are usually placed on,
or in close proximity, to the physical structure in which
the repeater is going to provide indoor coverage. Usually
the repeater antennas 104, 106, 108 are placed or mount-
ed on the outer walls, the façade, of the physical structure
110 in close proximity to the repeaters, to minimize cable
losses and for reducing installation costs, and typically
in LOS of said node antennas 102 in order to maximize
the signal strength of the communication signals trans-
mitted between the antennas 102, 104, 106, 108 over
the first radio channel 112.
[0019] The physical structure 110 may be any type of
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man made structure such as a multi-storage building hav-
ing several interior spaces (such as rooms, hallways,
etc.) of different sizes and shapes, to a small house-like
building containing only one interior space (one room).
The term physical structure 110 should also be interpret-
ed to include any man-made or any non man-made un-
derground structure such as a mine, cave or the like.
[0020] The repeaters 103, 105, 107 may be mounted
either on the outer walls or the inner walls (or both) of
the physical structure 110. The repeaters 103, 105, 107
provides a connection via a double-directional power am-
plifier between the repeater antennas 104, 106, 108,
mounted on the outside of the physical structure 110,
and the donor antennas 109 mounted on the inside of
the physical structure 110. In the embodiment of the
present invention the at least two outdoor-indoor repeat-
ers 103, 105, 107, adapted for LOS MIMO communica-
tion over a first radio channel 112 with said node 101,
having at least one repeater antenna each 104, 106, 108,
are provided outside on the same physical structure 110.
Preferably, the repeaters are spaced well-apart, usually
ranging from several meters up to over 100 meters, and
spaced such that the first radio channel 112 between the
node 101 and the repeaters 103, 105, 107 support a rank
that is equal to the number of repeater antennas 104,
106, 108. The separation distance between the repeaters
will of cause depend on parameters such as the size of
the building, the possibility of having LOS to the node
101, etc. By spatially separating the repeaters and their
repeater antennas well-apart drastically reduces the cor-
relation between them despite being implemented in a
LOS environment, and thus making it possible to support
a rank that is equal to the number of repeater antennas.
[0021] The donor antennas 109 may be implemented
using any type of distributed antenna system. A distrib-
uted antenna system (DAS) is typically a network of spa-
tially separated antenna nodes connected to a common
source such as a repeater 103, 105, 107 which via a radio
channel (in this case a second radio channel) provides
wireless service within an interior space inside said phys-
ical structure 110. An example of a DAS is a so called
leaky cable. A leaky cable is usually defined as being an
insulated cable (usually a shielded coaxial cable) with
slits or slots through the insulation enabling communica-
tion signals transported along its length to emanate out,
in a controlled manner, into the immediately surrounding
environment. Leaky cables are also known in literature
as radiating cables or leaky wave slot antennas. From
hereinafter leaky cables are used in the application text
to exemplify the embodiments and variants of the present
invention. However, the invention is not limited to the
usage of leaky cables only, but could actually be realized
using any type of DAS.
[0022] The at least two repeaters 103, 105, 107 are
implemented, according to the embodiment of the
present invention, with at least one (as indicated by the
dots in the figure) leaky cable each 109, provided inside
the physical structure110, adapted for indoor MIMO com-

munication over a second radio channel 113 with user
equipment (UE) 111 located inside said physical struc-
ture. The leaky cables 109 are provided such that said
second radio channel 113 between the repeaters 103,
105, 107 and user equipment 111 located inside said
physical structure 110 support a rank that is equal to the
number of repeater antennas 104, 106, 108. The UE 111
may be any type of equipment capable of communicating
wirelessly such as mobile phones and computer equip-
ment (i.e. laptops, tabletop computers, pads, etc.). The
UE 111 may be stationary in said interior space in the
physical structure 110 or it may be capable of moving
(i.e. mobile) between different interior spaces inside the
physical structure 110. The UE 111 may or may not be
adapted for MIMO communication with the leaky cables
109 over the second radio channel 113. Each leaky cable
109 of each repeater 103, 105, 107 are provided such
that they provide essentially the same unified indoor cov-
erage of essentially the same interior space in said phys-
ical structure 111. The term "essentially" should be inter-
preted as meaning both "exactly the same" and "close
to, but not exactly the same", since in reality it would be
difficult to achieve exactly the same coverage of an inte-
rior space by having two physical cables (even placed
on top of each other). By employing leaky cables covering
essentially the same interior space the power imbalance
in the MIMO channel that would occur in a traditional
repeater setup with ordinary donor antennas are virtually
avoided. Another benefit with using leaky cables is that
they provides a more uniform coverage in the interior
space that it is implemented to cover in comparison with
a traditional point-source antenna from which the cover-
age falls with a factor 1/r2 or faster.
[0023] The principles that the repeaters are provided
outside on the same physical structure 110 and spaced
well-apart such that the first radio channel 112 between
the node 101 and the repeaters 103,105,107 support a
rank that is equal to the number of repeater antennas
104,106,108, and that the leaky cables 109 are provided
such that said second radio channel 113 between the
repeaters 103,105,107 and user equipment 111 located
inside said physical structure 110 support a rank that is
equal to the number of repeater antennas 104,106,108,
holds true for every embodiment and variant of the
present invention presented in this text.
[0024] The first radio channel and the second radio
channel mentioned above may be different radio chan-
nels or it may be the same radio channel, depending on
the set up of the system and choice of equipment.
[0025] By employing the wireless outdoor-indoor MI-
MO communications system 100 as described above in
conjunction with the description of figure 1, the object of
the present invention will be fulfilled in that the commu-
nication system 100 provides indoor users with good cov-
erage, high bit-rate and spectrally efficient communica-
tion from an outside base station. It is clear that with the
presented communication system 100 a higher MIMO
rank can be achieved compared to the traditional way of
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having repeaters with co-located pick-up antennas, as
well as compared to repeaters with non-co-located donor
antennas. The invention combines well-separated re-
peater antennas with indoor leaky cables covering es-
sentially the same interior space which together will, with
a high probability, give excellent higher-order MIMO in-
door coverage over a large area. Another advantage of
the present invention is that it improves the channel rank
for the case of multi-stream transmissions in combination
with outdoor-indoor repeaters. This will increase the spa-
tial multiplexing gains for indoor users in communication
with an outdoor base station via such repeaters, and lead
among other things to improved user bitrates. As the ma-
jority of high data rate-users currently are and are ex-
pected to be (also in the future) indoor users, such im-
provements are especially desirable. Thus, the object of
the present invention is therefore fulfilled.
[0026] Figure 1b shows a variant of the embodiment
presented in conjunction with figure 1. In the variant the
wireless outdoor-indoor MIMO communications system
120, depicted in figure 1b, is comprised of a node 121
having two dual-polarized node antennas adapted for
wireless LOS MIMO communication with two repeaters
123, 125, having dual-polarized repeater antennas 124,
126, mounted well separated on a physical structure 127.
Each repeater 123, 125 is connected to a leaky cable
128 covering essentially the same interior space in the
physical structure 127. The leaky cables 128 may be a
dual-polarized leaky cable or not. The leaky cables 128
are configured to communicate with UE 129 inside said
physical structure. The communication system shown in
figure 1b is not limited to using a node with only two dual-
polarized node antennas and two repeaters employing
one dual-polarized repeater antenna and one leaky cable
each, but may be extended to employ several node an-
tennas (dual-polarized or not) and several repeaters hav-
ing multiple repeater antennas (dual-polarized or not)
and leaky cables (dual-polarized or not). The main benefit
with employing dual polarized antennas 122, 124, 126
and/or dual polarized leaky cables 128, is that the capac-
ity of the communications system may be extended from
a 2-by-2 MIMO system to a 4-by-4 MIMO system.
[0027] Figure 2 shows yet another variant of the
present invention. The wireless outdoor-indoor 2-by-2
MIMO communications system 200 depicted in figure 2
is comprised of a node 201 having two node antennas
202 adapted for wireless LOS MIMO communication with
two repeaters 203, 205, having one repeater antenna
204, 206 each, mounted well separated on a physical
structure 207. The difference between the previously pre-
sented communications systems 100, 120 above and the
communication system 200 in figure 2 is that the two
repeaters, the first 203 and the second 205 repeater,
utilize and share the same leaky cable 208. The first re-
peater 203 feeds the shared leaky cable 208 at one end
and the second repeater 205 feeds the shared leaky ca-
ble 208 at the other end. In this case the leaky cable 208
is made to support two modes of propagation, one in

each direction of the cable. A typical leaky cable radiates
at an angle with respect to the cable, where the angle
can range from small (the cable radiates along the direc-
tion of the cable, the so called "coupled mode") to large
(the cable radiates primarily away from the direction of
the cable, the so called "radiating mode"). The exact an-
gle is a function of the cable design (such as the spacing
between the slits) and the frequency used. The leaky
cable fed with one antenna port at either end is therefore
a type of multi-mode antenna, and will be able to support
two-stream transmission to and from UE 209 from the
use of antenna pattern diversity. A benefit of employing
shared leaky cables is that only half the number of leaky
cables needs to be used and thus both the material and
the installation cost is reduced. Another benefit is also
that "both antennas" covers exactly the same interior
space.
[0028] The variant of the present invention shown in
figure 3a may be extended from a 2-by-2 MIMO commu-
nications system 200 to a 4-by-4 MIMO communications
system 300 by using additional spatially separated leaky
cables 308 and/or dual-polarized leaky cables together
with repeaters 303, 305, employing dual-polarized an-
tennas for communicating with a node 301 employing
dual-polarized antennas. In this case, only one leaky ca-
ble per pair of repeater antenna ports is required.
[0029] As shown in figure 3b the MIMO communica-
tions systems 300 shown in conjunction with figure 3a
may be further extended by letting several repeaters
share leaky cable with neighboring repeaters. The ca-
pacity of MIMO communications systems 310 in figure
3b may then be further extended by employing a node
311 with multiple dual-polarized antennas 312, and a
number of repeaters 313, 314, 315, having dual-polar-
ized repeater antennas, connected as to form a linear
daisy chain of repeaters 313, 314, 315 sharing at least
one leaky cable 317 with a neighboring repeater.
[0030] Figure 4 shows a flowchart describing the main
steps in a method for providing LOS wireless MIMO com-
munication 400 between a node, located outside a phys-
ical structure, and user equipment, located inside said
physical structure. The method comprises the steps of;

I) configuring 401 said node for LOS wireless MIMO
communication with at least two outdoor-indoor re-
peaters provided outside said physical structure;

II) configuring 402 at least one repeater antenna on
each said outdoor-indoor repeater, located outside
said physical structure, for outdoor LOS MIMO com-
munication with said node; and

III) configuring 403 at least one leaky cable on each
said outdoor-indoor repeater, located inside said
physical structure, for indoor MIMO communication
with said user equipment located inside said physical
structure; and
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IV) providing 404 the repeaters outside on the same
physical structure and spaced well-apart such that
the first radio channel between the node and the re-
peaters support a rank that is equal to the number
of repeater antennas; and

V) providing 405 the at least one leaky cable such
that essentially the same indoor coverage of the
same interior space in said physical structure is pro-
vided from each repeater; and

VI) providing 406 the at least one leaky cable such
that said second radio channel between the repeat-
ers and user equipment located inside said physical
structure support a rank that is equal to the number
of repeater antennas.

[0031] As described in the above embodiments of the
present invention it is important that the repeaters are
provided on the same physical structure but spaced well-
apart (such that the first radio channel between the node
and the repeaters support a rank that is equal to the
number of repeater antennas), if possible spacing them
several meters apart, and that each leaky cable of each
repeater is provided such that the second radio channel
between the repeaters and user equipment located in-
side said physical structure support a rank that is equal
to the number of repeater antennas and such that they
provide essentially the same indoor coverage of essen-
tially the same interior space in said physical structure.
An example of this could for instance be to run one leaky
cable along one wall in a corridor and run the other leaky
cable on the opposite wall in the corridor. Another way
would be to run both cables close to the ceiling but spaced
apart.
[0032] Figures 5a to 5f shows six flowcharts with six
optinal enhancements or variations to the main method
described in the flowchart 400 in figure 4.
[0033] As described in the flowchart in figure 5a the
method may optionally comprise the step of configuring
501 said node antennas and said repeater antennas for
dual-polarization communication.
[0034] As described in the flowchart in figure 5b the
method may optionally comprise the step of configuring
502 said leaky cables for dual-polarization communica-
tion. This optional step may preferably be implemented
together with the optional step 501 discussed in figure 5a.
[0035] As described in the flowchart in figure 5c the
method may optionally comprise the step of configuring
503 said each repeater to comprise the same number of
leaky cables as the number of repeater antennas.
[0036] As described in the flowchart in figure 5d the
method may optionally comprise the step of configuring
504 a first and a second repeater to share at least one
leaky cable, and wherein said first repeater is adapted
to feed said shared at least one leaky cable at one end,
and said second repeater is adapted to feed said shared
at least one leaky cable at the other end.

[0037] As described in the flowchart in figure 5e the
method may optionally comprise the step of configuring
505 a first repeater to share at least one leaky cable with
a second repeater and to share at least one other leaky
cable with a third repeater, wherein said first repeater is
adapted to feeds said shared at least one leaky cable at
one end and said second repeater is adapted to feed
said shared at least one leaky cable at the other end, and
wherein said first repeater is further adapted to feed said
shared at least one other leaky cable at one end and said
third repeater is adapted to feed said shared at least one
other leaky cable at the other end.
[0038] As described in the flowchart in figure 5f the
method may optionally comprise the step of configuring
506 at least four repeaters to share at least one leaky
cable with another repeater, and configuring said at least
four repeaters to be connected as to form a linear daisy
chain of repeaters sharing at least one leaky cable with
another repeater. However, the method is not limited to
making connections forming linear daisy chains. The
method may also allow the "ends" of the daisy chain to
connect to each other forming a circular or closed daisy
chain of repeaters sharing at least two leaky cables with
neighboring repeaters. The method may also allow mix-
ing both closed and linear daisy chains of repeaters shar-
ing at least one leaky cable with a neighboring repeater.
[0039] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" "comprising," "includes" and/or "in-
cluding" when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, elements, components, and/or groups thereof.
[0040] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms used herein should be in-
terpreted as having a meaning that is consistent with their
meaning in the context of this specification and the rele-
vant art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.
[0041] The foregoing has described the principles, pre-
ferred embodiments and modes of operation of the
present invention. However, the invention should be re-
garded as illustrative rather than restrictive, and not as
being limited to the particular embodiments discussed
above. The different features of the various embodiments
of the invention can be combined in other combinations
than those explicitly described. It should therefore be ap-
preciated that variations may be made in those embod-
iments by those skilled in the art without departing from
the scope of the present invention as defined by the fol-
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lowing claims.

Claims

1. A wireless outdoor-indoor multiple-input multiple-
output MIMO communications system (100) for com-
municating with user equipment (111) located inside
a physical structure (110), comprising:

- a node (101) adapted for wireless MIMO com-
munication, having at least two node antennas
(102), wherein said node (101) is further config-
ured for line of sight LOS wireless MIMO com-
munication over a first radio channel (112) with
at least two outdoor-indoor repeaters
(103,105,107); and
- at least two outdoor-indoor repeaters
(103,105,107) adapted for LOS MIMO commu-
nication with said node (101) over said first radio
channel (112), wherein said repeaters
(103,105,107) having at least one repeater an-
tenna (104,106,107) each, provided outside
said physical structure (110), for outdoor LOS
MIMO communication with said node (101),
wherein said repeaters are each connected to
at least one leaky cable (109), provided inside
said physical structure (110), for indoor MIMO
communication over a second radio channel
(113) with said user equipment (111) located in
an interior space inside said physical structure
(110),

characterized in that

- said repeaters (103,105,107) are provided out-
side on the same physical structure (110) and
spaced well-apart such that the first radio chan-
nel (112) between the node (101) and the re-
peaters (103,105,107) support a rank that is
equal to the number of repeater antennas
(104,106,108),
- wherein the number of leaky cables (109) of
each repeater (103,105,107) is the same as the
number of repeater antennas (104,106,108) of
each repeater (103,105,107),
- wherein a first (203) and a second repeater
(205) share at least one leaky cable (208), and
wherein said first repeater (203) feeds said
shared at least one leaky cable (208) at one end
and said second repeater (205) feed said shared
at least one leaky cable (208) at the other end,
wherein
- said at least one leaky cable (109) is provided
such that essentially the same indoor coverage
of the same interior space in said physical struc-
ture (110) is provided from each repeater
(103,105,107), and

- said at least one leaky cable (109) is provided
such that said second radio channel (113) be-
tween the repeaters (103,105,107) and user
equipment (111) located inside said physical
structure (110) support a rank that is equal to
the number of repeater antennas (104,106,108),

2. The wireless communication system according to
claim 1, wherein said first radio channel (112) and
said second radio channel (113) are the same radio
channel.

3. The wireless communication system according to
any of the previous claims, wherein said node an-
tennas (102) and said repeater antennas
(104,106,108) are dual-polarized antennas.

4. The wireless communication system according to
any of the previous claims, wherein said leaky cables
(109) are dual-polarized leaky cables.

5. The wireless communication system according to
any of claims 1 to 4, wherein a first repeater (314)
share at least one leaky cable (317) with a second
repeater (315) and shares at least one other leaky
cable (318) with a third repeater (313), wherein said
first repeater (314) feeds said shared at least one
leaky cable (317) at one end and said second re-
peater (315) feed said shared at least one leaky ca-
ble (317) at the other end, and wherein said first re-
peater (314) feeds said shared at least one other
leaky cable (318) at one end and said third repeater
(313) feed said shared at least one other leaky cable
(318) at the other end.

6. The wireless communication system acceding to
claim 5, wherein at least four repeaters sharing at
least one leaky cable with another repeater are con-
nected as to form a linear daisy chain (319) of re-
peaters sharing at least one leaky cable with another
repeater.

7. A method for providing outdoor-indoor wireless mul-
tiple-input multiple-output MIMO communication
(400) between a node, located outside a physical
structure, and user equipment, located inside said
physical structure, the method comprising:

- configuring (401) said node for line of sight LOS
wireless MIMO communication over a first radio
channel with at least two outdoor-indoor repeat-
ers provided outside said physical structure;
- configuring (402) at least one repeater antenna
on each said outdoor-indoor repeater, located
outside said physical structure, for outdoor LOS
MIMO communication over said first radio chan-
nel with said node;
- configuring (403) at least one leaky cable on
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each said outdoor-indoor repeater, located in-
side said physical structure, for indoor MIMO
communication over a second radio channel
with said user equipment located in an interior
space inside said physical structure,

characterized in

- providing (404) said repeaters outside on the
same physical structure and spaced well-apart
such that the first radio channel between the
node and the repeaters support a rank that is
equal to the number of repeater antennas,
- configuring (503) said each repeater to com-
prise the same number of leaky cables as the
number of repeater antennas.
- configuring (504) a first and a second repeater
to share at least one leaky cable, and wherein
said first repeater is adapted to feed said shared
at least one leaky cable at one end, and said
second repeater is adapted to feed said shared
at least one leaky cable at the other end,
- providing (405) said at least one leaky cable
such that essentially the same indoor coverage
of the same interior space in said physical struc-
ture is provided from each repeater, and
- providing (406) said at least one leaky cable
such that said second radio channel between
the repeaters and user equipment located inside
said physical structure support a rank that is
equal to the number of repeater antennas.

8. The method according to claim 7, further comprising
configuring (501) said node antennas and said re-
peater antennas for dual-polarization communica-
tion.

9. The method according to any of claims 7 - 8, further
comprising configuring (502) said leaky cables for
dual-polarization communication.

10. The method according to any of claims 7-9, further
comprising configuring (505) a first repeater to share
at least one leaky cable with a second repeater and
to share at least one other leaky cable with a third
repeater, wherein said first repeater is adapted to
feeds said shared at least one leaky cable at one
end and said second repeater is adapted to feed said
shared at least one leaky cable at the other end, and
wherein said first repeater is further adapted to feed
said shared at least one other leaky cable at one end
and said third repeater is adapted to feed said shared
at least one other leaky cable at the other end.

11. The method according to claim 10, further compris-
ing configuring (506) at least four repeaters to share
at least one leaky cable with another repeater, and
configuring said at least four repeaters to be con-

nected as to form a linear daisy chain of repeaters
sharing at least one leaky cable with another repeat-
er.

Patentansprüche

1. Drahtloses MIMO (Mehrfacheingang-Mehrfachaus-
gang)-Kommunikationssystem (100) für den Innen-
und Außenbereich zum Kommunizieren mit Benut-
zereinrichtungen (111), die innerhalb einer physi-
schen Struktur (110) angeordnet sind, umfassend:

- einen Knoten (101), der für drahtlose MIMO-
Kommunikation ausgelegt ist und mindestens
zwei Antennen (102) aufweist, wobei der Knoten
(101) ferner für drahtlose Richtfunk, LOS,-MI-
MO-Kommunikation über einen ersten Funkka-
nal (112) mit mindestens zwei Innen- und Au-
ßenbereichs-Zwischenverstärkern (103, 105,
107) ausgelegt ist; und
- mindestens zwei Innen- und Außenbereichs-
Zwischenverstärker (103, 105, 107), die für
LOS-MIMO-Kommunikation mit dem Knoten
(101) über den ersten Funkkanal (112) ausge-
legt sind, wobei die Zwischenverstärker (103,
105, 107) mindestens eine Zwischenverstärke-
rantenne (104, 106, 107) aufweisen, die jeweils
außerhalb der physischen Struktur (110) für Au-
ßenbereichs-LOS-MIMO-Kommunikation mit
dem Knoten (101) vorgesehen sind, wobei die
Zwischenverstärker jeweils mit mindestens ei-
nem undichten Kabel (109) verbunden sind, das
innerhalb der physischen Struktur (110) für In-
nenbereichs-MIMO-Kommunikation über einen
zweiten Funkkanal (113) mit den Benutzerein-
richtungen (111) vorgesehen ist, die in einem
Innenraum innerhalb der physischen Struktur
(110) angeordnet sind,

dadurch gekennzeichnet, dass

- die Zwischenverstärker (103, 105, 107) außer-
halb auf der gleichen physischen Struktur (110)
vorgesehen und gut beabstandet sind, derart
dass der erste Funkkanal (112) zwischen dem
Knoten (101) und den Zwischenverstärkern
(103, 105, 107) einen Rang unterstützt, welcher
der Anzahl von Zwischenverstärkerantennen
(104, 106, 108) entspricht,
- wobei die Anzahl von undichten Kabeln (103,
105, 107) gleich wie die Anzahl von Zwischen-
verstärkerantennen (104, 106, 108) jedes Zwi-
schenverstärkers (103, 105, 107) ist,
- wobei ein erster (203) und ein zweiter Zwi-
schenverstärker (205) mindestens ein undich-
tes Kabel (208) gemeinsam nutzen, und wobei
der erste Zwischenverstärker (203) das mindes-
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tens eine undichte Kabel (208) an einem Ende
speist, und der zweite Zwischenverstärker (205)
das mindestens eine undichte Kabel (208) am
anderen Ende speist, wobei
- das mindestens eine undichte Kabel (109) der-
art vorgesehen ist, dass im Wesentlichen die
gleiche Innenbereichsdeckung des gleichen In-
nenraums in der physischen Struktur (110) von
jedem Zwischenverstärker (103, 105, 107) be-
reitgestellt wird, und
- das mindestens eine undichte Kabel (109) der-
art vorgesehen ist, das der zweite Funkkanal
(113) zwischen den Zwischenverstärkern (103,
105, 107) und den innerhalb der physischen
Struktur (110) angeordneten Benutzereinrich-
tungen (111) einen Rang unterstützt, welcher
der Anzahl von Zwischenverstärkerantennen
(104, 106, 108) entspricht.

2. Drahtloses Kommunikationssystem nach Anspruch
1, wobei der erste Funkkanal (112) und der zweite
Funkkanal (113) der gleiche Funkkanal sind.

3. Drahtloses Kommunikationssystem nach einem der
vorhergehenden Ansprüche, wobei die Knotenan-
tennen (102) und die Zwischenverstärkerantennen
(104, 106, 108) doppelpolarisierte Antennen sind.

4. Drahtloses Kommunikationssystem nach einem der
vorhergehenden Ansprüche, wobei die undichten
Kabel (109) doppelpolarisierte undichte Kabel sind.

5. Drahtloses Kommunikationssystem nach einem der
Ansprüche 1 bis 4, wobei ein erster Zwischenver-
stärker (314) mindestens ein undichtes Kabel (317)
gemeinsam mit einem zweiten Zwischenverstärker
(315) nutzt und mindestens ein anderes undichtes
Kabel (318) gemeinsam mit einem dritten Zwischen-
verstärker (313) nutzt, wobei der erste Zwischenver-
stärker (314) das gemeinsam genutzte mindestens
eine undichte Kabel (317) an einem Ende speist, und
der zweite Zwischenverstärker (315) das gemein-
sam genutzte mindestens eine undichte Kabel (317)
am anderen Ende speist, und wobei der erste Zwi-
schenverstärker (314) das gemeinsam genutzte
mindestens eine andere undichte Kabel (318) an ei-
nem Ende speist, und der dritte Zwischenverstärker
(313) das gemeinsam genutzte mindestens eine an-
dere undichte Kabel (318) am anderen Ende speist.

6. Drahtloses Kommunikationssystem nach Anspruch
5, wobei mindestens vier Zwischenverstärker, die
mindestens ein undichtes Kabel gemeinsam mit ei-
nem anderen Zwischenverstärker nutzen, so ver-
bunden sind, dass sie eine lineare Hintereinander-
schaltung (319) von Zwischenverstärkern bilden, die
mindestens ein undichtes Kabel gemeinsam mit ei-
nem anderen Zwischenverstärker nutzen.

7. Verfahren zur Bereitstellung von MIMO (Mehr-
facheingang-Mehrfachausgang)-Kommunikatio-
nen (400) für den Innen- und Außenbereich zwi-
schen einem Knoten, der außerhalb einer physi-
schen Struktur angeordnet ist, und Benutzereinrich-
tungen, die innerhalb der physischen Struktur ange-
ordnet sind, wobei das Verfahren umfasst:

- Auslegen (401) des Knotens für Richtfunk,
LOS,-MIMO-Kommunikation über einen ersten
Funkkanal mit mindestens zwei Innen- und Au-
ßenbereichs-Zwischenverstärkern, die außer-
halb der physischen Struktur vorgesehen sind;
- Auslegen (402) mindestens einer Zwischen-
verstärkerantenne auf jedem der Innen-und Au-
ßenbereichs-Zwischenverstärker, die außer-
halb der physischen Struktur angeordnet ist, für
Außenbereichs-LOS-MIMO-Kommunikation
über den ersten Funkkanal mit dem Knoten;
- Auslegen (403) mindestens eines undichten
Kabels an jedem der Innen- und Außenbe-
reichs-Zwischenverstärker, das innerhalb der
physischen Struktur angeordnet ist, für Innen-
bereichs-MIMO-Kommunikation über einen
zweiten Funkkanal mit den Benutzereinrichtun-
gen, die in einem Innenraum innerhalb der phy-
sischen Struktur angeordnet sind,

gekennzeichnet durch

- Vorsehen (404) und gut Beabstanden der Zwi-
schenverstärker außerhalb der gleichen physi-
schen Struktur, derart dass der erste Funkkanal
zwischen dem Knoten und den Zwischenver-
stärkern einen Rang unterstützt, welcher der
Anzahl von Zwischenverstärkerantennen ent-
spricht,
- derartiges Auslegen (503) jedes der Zwischen-
verstärker, dass er die gleiche Anzahl von un-
dichten Kabeln wie die Anzahl von Zwischen-
verstärkerantennen umfasst,
- derartiges Auslegen (504) eines ersten und ei-
nes zweiten Zwischenverstärkers, dass sie min-
destens ein undichtes Kabel gemeinsam nut-
zen, und wobei der erste Zwischenverstärker
das mindestens eine undichte Kabel an einem
Ende speist, und der zweite Zwischenverstärker
das mindestens eine undichte Kabel am ande-
ren Ende speist,
- derartiges Vorsehen (405) des mindestens ei-
nen undichten Kabels (109), dass im Wesentli-
chen die gleiche Innenbereichsdeckung des
gleichen Innenraums in der physischen Struktur
von jedem Zwischenverstärker bereitgestellt
wird, und
- derartiges Vorsehen (406) des mindestens ei-
nen undichten Kabels, dass der zweite Funkka-
nal zwischen den Zwischenverstärkern und den
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Benutzereinrichtungen, die innerhalb der physi-
schen Struktur angeordnet sind, einen Rang un-
terstützt, welcher der Anzahl von Zwischenver-
stärkerantennen entspricht.

8. Verfahren nach Anspruch 7, ferner umfassend ein
Auslegen (501) der Knotenantennen und der Zwi-
schenverstärkerantennen für Doppelpolarisations-
kommunikation.

9. Verfahren nach einem der Ansprüche 7 bis 8, ferner
umfassend ein Auslegen (502) der undichten Kabel
für Doppelpolarisationskommunikation.

10. Verfahren nach einem der Ansprüche 7 bis 9, ferner
umfassend ein derartiges Auslegen (505) eines ers-
ten Zwischenverstärkers, dass er mindestens ein
undichtes Kabel gemeinsam mit einem zweiten Zwi-
schenverstärker nutzt und mindestens ein anderes
undichtes Kabel gemeinsam mit einem dritten Zwi-
schenverstärker nutzt, wobei der erste Zwischenver-
stärker so ausgelegt ist, dass er das gemeinsam ge-
nutzte mindestens eine undichte Kabel an einem En-
de speist, und der zweite Zwischenverstärker so
ausgelegt ist, dass er das gemeinsam genutzte min-
destens eine undichte Kabel am anderen Ende
speist, und wobei der erste Zwischenverstärker fer-
ner so ausgelegt ist, dass er das gemeinsam genutz-
te mindestens eine andere undichte Kabel an einem
Ende speist, und der dritte Zwischenverstärker so
ausgelegt ist, dass er das gemeinsam genutzte min-
destens eine andere undichte Kabel am anderen En-
de speist.

11. Verfahren nach Anspruch 10, ferner umfassend ein
derartiges Auslegen (506) von mindestens vier Zwi-
schenverstärkern, dass sie mindestens ein undich-
tes Kabel gemeinsam mit einem anderen Zwischen-
verstärker nutzen, und derartiges Auslegen der min-
destens vier Zwischenverstärker, dass sie so ver-
bunden werden, dass sie eine lineare Hintereinan-
derschaltung von Zwischenverstärkern bilden, die
mindestens ein undichtes Kabel gemeinsam mit ei-
nem anderen Zwischenverstärker nutzen.

Revendications

1. Système de communication sans fil intérieur-exté-
rieur à entrées multiples et sorties multiples MIMO
(100) pour communiquer avec un équipement d’uti-
lisateur (111) situé à l’intérieur d’une structure phy-
sique (110), comprenant :

- un noeud (101) adapté pour une communica-
tion MIMO sans fil, ayant au moins deux anten-
nes de noeud (102), dans lequel ledit noeud
(101) est en outre configuré pour une commu-

nication MIMO sans fil en ligne de mire LOS via
un premier canal radio (112) avec au moins deux
répétiteurs intérieur-extérieur (103,105,107) ; et
- au moins deux répétiteurs intérieur-extérieur
(103,105,107) adaptés pour une communica-
tion MIMO LOS avec ledit noeud (101) via ledit
premier canal radio (112), dans lequel lesdits
répétiteurs (103,105,107) ayant au moins une
antenne de répétiteur (104,106,107) chacun,
prévue à l’extérieur de ladite structure physique
(110), pour une communication MIMO LOS ex-
térieure avec ledit noeud (101), dans lequel les-
dits répétiteurs sont chacun connectés à au
moins un câble à fuite (109) prévu à l’intérieur
de ladite structure physique (110), pour une
communication MIMO intérieure via un second
canal radio (113) avec ledit équipement d’utili-
sateur (111) situé dans un espace intérieur à
l’intérieur de ladite structure physique (110),

caractérisé en ce que

- lesdits répétiteurs (103,105,107) sont prévus
à l’extérieur sur la même structure physique
(110) et espacés les uns des autres de sorte
que le premier canal radio (112) entre le noeud
(101) et les répétiteurs (103,105,107) prenne un
rang qui est égal au nombre d’antennes de ré-
pétiteur (104, 106, 108),
- dans lequel le nombre de câbles à fuite (109)
de chaque répétiteur (103,105,107)est le même
que le nombre d’antennes de répétiteur
(104,106,108) de chaque répétiteur
(103,105,107),
- dans lequel un premier (203) et un second ré-
pétiteur (205) partagent au moins un câble à fui-
te (208) et dans lequel ledit premier répétiteur
(203) alimente au moins un câble à fuite partagé
(208) à une extrémité et ledit second répétiteur
(205) alimente au moins un câble à fuite partagé
(208) à l’autre extrémité, dans lequel
- au moins un câble à fuite (108) est prévu de
sorte qu’essentiellement la même couverture in-
térieure du même espace intérieur dans ladite
structure physique (110) soit fournie à partir de
chaque répétiteur (103,105,107) et
- au moins un câble à fuite (109) est prévu de
sorte que ledit second canal radio (113) entre
les répétiteurs (103,105,107) et l’équipement
d’utilisateur (111) situé à l’intérieur de ladite
structure physique (110) prend un rang qui est
égal au nombre d’antennes de répétiteur (104,
106, 108).

2. Système de communication sans fil selon la reven-
dication 1, dans lequel ledit premier canal radio (112)
et ledit second canal radio (113) sont le même canal
radio.
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3. Système de communication sans fil selon une quel-
conque des revendications précédentes, dans le-
quel lesdites antennes de noeud (102) et lesdites
antennes de répétiteur (104,106,108) sont des an-
tennes à double polarisation.

4. Système de communication sans fil selon une quel-
conque des revendications précédentes, dans le-
quel lesdits câbles à fuite (109) sont des câbles à
fuite à double polarisation.

5. Système de communication sans fil selon une quel-
conque des revendications 1 à 4, dans lequel un
premier répétiteur (314) partage au moins un câble
à fuite (317) avec un second répétiteur (315) et par-
tage au moins un autre câble à fuite (318) avec un
troisième répétiteur (313), dans lequel ledit premier
répétiteur (314) alimente au moins un câble à fuite
partagé (317) à une extrémité et ledit second répé-
titeur (315) alimente au moins un câble à fuite par-
tagé (317) à l’autre extrémité, et dans lequel ledit
premier répétiteur (314) alimente au moins un câble
à fuite partagé (318) à une extrémité et ledit troisième
répétiteur (313) alimente au moins un autre câble à
fuite partagé (318) à l’autre extrémité.

6. Système de communication sans fil selon la reven-
dication 5, dans lequel au moins quatre répétiteurs
partageant au moins un câble à fuite avec un autre
répétiteur sont connectés de manière à former une
guirlande linéaire (319) de répétiteurs partageant au
moins un câble à fuite avec un autre répétiteur.

7. Procédé de fourniture d’une communication sans fil
intérieur-extérieur à entrées multiples et sorties mul-
tiples MIMO (400) entre un noeud, situé à l’extérieur
d’une structure physique, et un équipement d’utili-
sateur, situé à l’intérieur de ladite structure physique,
le procédé comprenant de :

- configurer (401) ledit noeud pour une commu-
nication MIMO sans fil en ligne de mire LOS via
un premier canal radio avec au moins deux ré-
pétiteurs extérieur-intérieur prévus à l’extérieur
de ladite structure physique ;
- configurer (402) au moins une antenne de ré-
pétiteur sur chaque répétiteur intérieur-exté-
rieur, situé à l’extérieur de ladite structure phy-
sique, pour une communication MIMO LOS ex-
térieure via ledit premier canal radio avec ledit
noeud ;
- configurer (403) au moins un câble à fuite sur
chaque répétiteur intérieur-extérieur, situé à l’in-
térieur de ladite structure physique, pour une
communication MIMO intérieure via un second
canal radio avec ledit équipement d’utilisateur
situé dans un espace intérieur à l’intérieur de
ladite structure physique,

caractérisé par

- prévoir (404) lesdits répétiteurs à l’extérieur
sur la même structure physique et bien espacés
les uns des autres de sorte que le premier canal
radio entre le noeud et les répétiteurs prenne un
rang qui est égal au nombre d’antennes de ré-
pétiteur,
- configurer (503) chaque répétiteur afin de com-
prendre le même nombre de câbles à fuite que
le nombre d’antennes de répétiteur,
- configurer (504) un premier et un second ré-
pétiteur afin de partager au moins un câble à
fuir, et dans lequel ledit premier répétiteur est
adapté pour alimenter au moins un câble à fuite
partagé à une extrémité et ledit second répéti-
teur est adapté pour alimenter au moins un câble
à fuite partagé à l’autre extrémité,
- prévoir (405) au moins un câble à fuite de sorte
qu’essentiellement la même couverture inté-
rieure du même espace intérieur dans ladite
structure physique soit fournie à partir de cha-
que répétiteur et
- fournir (406) au moins un câble à fuite de sorte
que ledit second canal radio entre les répétiteurs
et l’équipement d’utilisateur situé à l’intérieur de
ladite structure physique prenne un rang qui est
égal au nombre d’antennes de répétiteur.

8. Procédé selon la revendication 7, comprenant en
outre de configurer (501) lesdites antennes de noeud
et lesdites antennes de répétiteur pour une commu-
nication à double polarisation.

9. Procédé selon une quelconque des revendications
7-8, comprenant en outre de configurer (502) lesdits
câbles à fuite pour une communication à double po-
larisation.

10. Procédé selon une quelconque des revendications
7-9, comprenant en outre de configurer (505) un pre-
mier répétiteur afin de partager au moins un câble à
fuite avec un second répétiteur et partager au moins
un autre câble à fuite avec un troisième répétiteur,
dans lequel ledit premier répétiteur est adapté pour
alimenter au moins un câble à fuite partagé à une
extrémité et ledit second répétiteur est adapté pour
alimenter au moins un câble à fuite partagé à l’autre
extrémité, et dans lequel ledit répétiteur est en outre
adapté pour alimenter au moins un autre câble à
fuite partagé à une extrémité et ledit troisième répé-
titeur est adapté pour alimenter au moins un autre
câble à fuite partagé à l’autre extrémité.

11. Procédé selon la revendication 10, comprenant en
outre de configurer (506) au moins quatre répétiteurs
pour partager au moins quatre répétiteurs à connec-
teur de manière à former une guirlande linéaire de
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répétiteurs partageant au moins un câble à fuite avec
un autre répétiteur.
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